Kinetics of insulin receptor internalization and recycling in adipocytes. Shunting of receptors to a degradative pathway by inhibitors of recycling.
The kinetics of receptor internalization and recycling was directly determined in adipocytes by measuring 125I-insulin binding to total, intracellular, and cell-surface insulin receptors. In the absence of insulin 90% of all receptors were on the cell-surface and 10% were intracellular. Insulin (100 ng/ml) rapidly altered this distribution by translocating surface receptors to the cell-interior through a temperature and energy dependent process. Surface-derived receptors were seen within cells as early as 30 s and accumulated intracellularly at the rate of approximately 20,000/min (t 1/2 = 2.7 min). After 6 min the size of the intracellular receptor pool plateaued (for up to 2 h), with 30% of surface receptors residing within the cell. This plateau was due to the attainment of an equilibrium between receptor uptake and recycling, since removal of insulin (to stop receptor uptake) was followed by both a rapid depletion of intracellular receptors and a a concomitant and stoichiometric reappearance of receptors on the cell-surface. Receptors were efficiently recycled, with little or no net loss observed even after 4 h of insulin treatment; however, recycling could be partially inhibited (approximately 10%) by several agents (e.g. chloroquine and Tris). Tris treatment of adipocytes in the presence of insulin led to 50% loss of surface and total receptors at 2 and 4 h, respectively. Since chloroquine prevented the decrease in total receptors, but not the loss of surface receptors, it appears that Tris impairs recycling by diverting a portion of incoming receptors to a chloroquine-inhibitable degradative site. From these results we conclude that: 1) insulin triggers endocytotic uptake of insulin-receptor complexes; 2) internalized receptors are then rapidly reinserted into the plasma membrane, and the receptors can traverse this recycling pathway within 6 min; 3) prolonged recycling does not normally result in measurable receptor loss, but when receptors are prevented from recycling, they become trapped intracellularly and are shunted to a chloroquine-sensitive degradative pathway; and 4) chloroquine and Tris are only partially effective inhibitors of receptor recycling.